The purpose of this paper is to investigate energy substitution possibility among the fuel types used in the industrial sector of the Nigerian economy. An econometric model, utilizing the translog cost function, is estimated for nine major industries in the industrial sector -non-metal, basic metal, fabricated metal, chemicals, food and beverages, paper, textile, wood and others. Fuels are aggregated into four categories: electricity, oil, gas and coal. The model is estimated using time series data over the period 1970 -2000. The results vary across the industries for different fuels. The conclusion provides future directions for interfuel substitution in the industrial sector of the Nigerian economy.
Introduction
As a developing country, Nigeria, in line with global agreements on how to tackle green house gases (GHG), does not have emission limitations placed on it, or other developing countries, by the Protocol. However, it is widely believed that Nigeria is bound to experience a significantly large increase in its proportion of future global GHG emission levels. Therefore, it has become imperative that Nigeria should pay more attention to its environmental issues of which one of them is carbon dioxide emissions from fossil fuel consumption.
The growing concern about the environment and the global nature of environmental problems has focused attention on the pattern and trend of energy demand in the developing economies. More than half the total carbon dioxide emissions originate in the energy sector, and a large and increasing share of the flow of emissions will be from lower-middle-income countries (World Bank 1994) . The main drivers of these rising levels are China, India, Brazil and South Africa because of their increasing industrialization. For example, with capital scarce in Nigeria, but highly polluting fossil fuels, petroleum consumption in this economy under present energy policies will almost certainly continue to rise substantially over the next decade.
A detailed analysis of energy demand and the possibilities of interfuel substitution in the major manufacturing industries, is therefore of great importance to a better understanding of Nigeria's energy problems and the energy needs. An investigation of the structural properties of energy demand, and hence, substitution possibilities between different types of energy, has relevance especially from an environmental point of view, because the consumption of different types of energy is associated with different levels of carbon dioxide (CO2) emissions. Petroleum has accounted for an increasing share of the industrial energy consumption (see Table 1 ), which has tended to increase the overall industrial CO2 emission. If different types of energy are close substitutes, it is relatively easy to obtain reductions in CO2 emissions by altering the distribution between different types of energy.
The main objective of this paper is, therefore, to investigate the possibility of interfuel substitution in the Nigerian industrial sector. The industrial sector is chosen for the purpose of this study because 1) it one of the largest users of commercial energy in Nigeria; 2) industry's substantial contribution to economic growth helps to create a large portion of the resources needed to fund social development programmes; (3) creation of employment, and hence, generation of income takes place in the industrial sector directly and are indirectly fostered in other sectors -like agriculture or servicesthrough their linkages to industry; and (4) industry promotes various aspects of social integration through its general thrust towards modernization.
Energy is consumed as a production input in a variety of industrial processes together with labour and capital (and other material inputs). Using the translog cost model, we examine interfuel substitution in eight major industries in the industrial sector of the Nigerian economy -non-metal, basic metal, fabricated metal, chemicals, food and beverages, paper, textile, wood and others. The main findings of the study are that oil and electricity are substitutes in all industries except in wood and other manufacturing industries, while oil and coal are substitutes in all industries sectors except in nonmetal and fabricated metal industries. For oil and gas, they are substitutes in all industries except in textile industries. Coal and electricity are substitutes in all industries except in non-metal, basic metal, chemical, and food and beverages industries, while electricity and gas are complements in all industries except in basic metal, food and beverages, and textile industries. Coal and gas are complements in all industries except in food and beverages, and wood industries. The result establishes that oil and gas, and oil and coal are more of substitutes than complements in most industries. This implies that increasing the price of oil will increase the demand of other fuels like gas, electricity and coal.
The translog energy model
Several people have used the translog cost model in the past, but to the best of our knowledge, the approach has not been applied to Nigerian data before. This paper therefore, will attempt to investigate the variations and similarities of our results with other countries results.
The quantity of energy demanded in the industrial sector is a derived demand, mainly because energy is demanded for final consumption and as an input in the production process of industrial outputs. The translog model is an appropriate tool for determining derived demand, originally developed by Christensen et al (1973) and extensively used in studies investigating the energy demand of industry (Roy 2000; Magnus & Woodland, 1987) .
In the context of this methodological approach, it is assumed that there exists a twice-differentiable aggregate production function for the industrial sector, which relates the flow of gross output (Q) to the services of three inputs: capital (K), labour (L) and energy (E). It is further assumed that the production function is weakly separable in the major categories of capital, labour and energy. This assumption permits the construction of an energy price index that aggregates the prices of the various energy products included.
Under these assumptions, the production function can be written as:
Where K is capital input, L is labour input, E is energy input, t is technical change and Q is gross input. Hick's neutral technical change and constant returns to scale, and are assumed for the production function (1). If factor prices and output levels are exogenously determined, the theory of duality between cost and production implies that, given cost-minimizing behaviour, the characteristics of production implied by (1) can be represented by: 
Where PK, PL and PE are prices of capital, labour and energy respectively, and C is total cost. It should be noted that the assumption that the aggregator function is linearly homogenous allows the use of a unit cost function, which eliminates the need for data on the aggregate energy input. The translog function can be considered as a secondorder approximation to an arbitrary twice-differentiable cost function, such that (2) can be written as: (3) Where C is the total cost function of production, PK and PL are the price of K and L respectively, while P E is a homothetic price aggregator for energy to a producer who chooses fuel inputs. We study the interfuel substitution patterns within this unit cost function.
We represent the unit cost of energy by a homothetic translog cost function with constant returns to scale which takes the form:
Where i=fuel types Using Shephard Lemma, we can derive input demand functions by logarithmically differentiating equation (4) i. j = c, o, e, g
Where Mi, Mj is the cost share of energy input i and j. For consistency with production theory, it is required that certain restrictions be placed on the parameters of equation 5. Since the factor share sums up to unity, the sum of the shares changes in response to a price for a given input must be zero. In addition, we impose symmetry restrictions on the parameters. For practical purposes, the restrictions are: (6) With respect to the translog cost functions, Bong and Labys (1988) show that the Allen partial elasticities of substitution can be calculated as follows:
Where σij is the partial elasticity of substitution between inputs i and j. It is obvious from equations (7) that the Allen partial elasticity of substitution of an input varies with respect to its share in total cost. It is shown in Bong and Labys (1988) that the elasticities of substitution are related to the own (εii) and cross (εij) price elasticities of demand for inputs to the production process:
Equation (8) assumes that Σ jεij = 0. εij ≠ εji although σij = σij, showing that the partial elasticities of substitution are invariant with regards to the ordering of the input factor.
Data and source
In analysing the above model and estimating the parameters, industrial data is required. The variables in the industrial data used for this study are: prices of fuels (coal, electricity, gas and oil), net capital expenditure, labour, wages and salaries, quantity of individual fuel consumed, capital stock, total cost of production and quantity of output. These variables are defined and their method of measurement discussed in the following section.
Variables and definition
Labour is defined as the amount of man-hours in production of an output. Quantity of labour used in production is measured (calculated) in terms of total actual employment of the manufacturing sector over the period of the study. The cost of labour rep-resents the nominal wage bill used in industrial production and is measured by adding the wages of skilled (those with qualifications) workers and unskilled (those without equivalent qualifications) workers. It is calculated by dividing total compensation of employees (wage rate of unskilled and skilled labour by production price index). The term labour cost is assumed to refer to cash wages and salaries plus any other earnings e.g. housing allowance, leave allowance, passage and medical treatment.
The capital stock was difficult to estimate, this is a general problem in developing countries, particularly at a detailed level of disaggregation. The approach suggested in Chete and Adenikinju (1995) which is the perpetual inventory method is used to generate the capital stock series. Net capital expenditure was cumulated over the years using 1990 as the base year. Subsequently, the series generated was deflated, using the manufacturing sector price index (Central Bank Statistical Bulletin 2002) to derive gross fixed capital expenditure at constant prices. The flow of capital is assumed to be proportional to the corresponding capital stock (See Appendix A).
The quantity of energy used is defined as the quantity of energy product used in production. In Nigerian industries, four major energy products (oil, gas, coal and electricity) are used in production. The quantities of various energy inputs are measured in their physical quantities (kilowatt-hour (electricity), tonnes (coal), metric cubic feet (gas) and barrel (petroleum)). The use of different energy measures often creates confusion and for this reason, these quantities were converted to tonnes of oil equivalent using the conversion rates presented in Appendix B.
The price of each of the energy products is defined as the unit cost of consuming a tonne of oil equivalent of each of the energy products by each of the industries in production. It is assumed that prices of the various energy inputs in industrial production are the same across all the industries. Prices of various inputs are available in original units i.e. Naira/barrel for oil, Naira/kilowatt for electricity, Naira/tonnes for coal and Naira/metric cubic feet for gas. These were also converted to tonnes of oil equivalent per Naira, for the respective energy inputs. The prices of input and total cost of production are available in Naira, which is the local currency in Nigeria.
The data on coal is an aggregate of bituminous and lignite coal, while oil is an aggregate of petroleum motor spirit, dual purpose kerosene, high pour fuel oil, low pour fuel oil, automotive gas oil, lubricating oil, bitumen and asphalt and diesel. There are two sources of electricity -hydro and thermal. The hydro -quantity measure is used since it is the major source of electricity generation in Nigeria.
To obtain the cost shares, expenditure for each fuel is divided by the sum of the expenditure. Similarly, for factor input cost shares, costs of individual inputs are divided by the total cost. Since data on price input and quantity used in production are available, the expenditure data was obtained by multiplying price with the quantity of input.
Estimation results of the interfuel substitution process
We begin by testing whether our estimated cost shares satisfy a monotonicity condition. For the estimated cost function and the resulting cost share equations to be consistent with cost minimization, the estimated cost shares must be positive for all years, industries and energy types i.e.
Where t = 1,……..T, and i,j = e, o, g, c. All the estimated cost shares for coal, oil, gas and electricity are positive over the whole period (1971 -2001) in all the industries, thus satisfying the monotonicity condition.
Secondly, we test for concavity of the cost function, which was checked at the observed prices for each of the 31 years and each of the 9 industry categories. Out of 320 (10 x 32) calculated Hessian matrix, 299 are semi definite. A necessary, but not sufficient condition for the Hessians to be negative semi definite is that the diagonal elements, (indicating the response of an input to a change in its own price) are non-positive. The rejection of concavity in some industries could be due to the nature of the data and the level of aggregation. Another test is whether there is loss of fit by imposing symmetry restrictions. The energy share equations are estimated with and without symmetry restrictions imposed, and the results are compared using a Wald test statistic. The F-statistic compares the residual sum of squares computed with and without the restrictions imposed. If the restrictions are valid, there should be little difference in the two residual sum of squares (λ1 and λ2) and the F-value should be small (see result in Table 2 ).
Parameter estimates of an energy sub model
The estimated parameters have direct economic interpretations, and can be used to explain the price response of the cost shares. The estimated ai is equal to the fitted cost shares at the means of data indicating the responsiveness of the unit cost of aggregate energy to the price of each type of energy at the means of data. The results vary across the 9 industries (see Table 3 ).
The empirical results are summarized as follows:
In the non-metal, food and beverages, paper, textile and wood industries, the unit cost of aggregate energy is most responsive to the price of oil, followed by electricity and gas and lastly coal. Though the responses in these industries are in the same direction, the degree varies. In the basic metal industry, unit cost of aggregate energy is most responsive to the price of gas, followed by oil, coal and lastly electricity. The result further shows that in the fabricated metal industry, unit cost of aggregate energy is most responsive to the price of electricity, followed by oil, gas and lastly coal. In the chemical industry, unit cost of aggregate energy is most responsive to the price of gas, followed by electricity, oil and lastly coal. In the other manufacturing industry, unit cost of aggregate energy is most responsive to the price of coal followed by gas, electricity and oil.
The bij coefficients have an economic interpretation. If the share elasticity with respect to price is positive, then the cost share increases with an increase in the corresponding price; if negative, the cost share decreases with the proportional increase in the price of the other input; and if zero, the cost share is independent of the price.
The results (see Table 3 ) shows that in non metal, basic metal, fabricated metal and wood industries, as the price of coal increases, so does the cost share of electricity, while in the basic metal, fabricated metal, chemical, food and beverages, textile and other industries, the cost share of electricity increases with the price of gas. The cost share of electricity in the non metal, basic metal, fabricated metal, chemical and wood industries increases, as the price of oil increases, while the cost share of coal increases in non metal, chemical, paper, others and wood industries as the price of gas increases. Moreover, the cost share of coal increases in non metal, fabricated metal, food and beverages, paper, textile and other industries as the price of oil increases, while the cost share of electricity increases as the price of oil increases in basic metal, fabricated metal, chemical, paper and other industries.
Positive bii elasticities mean that under a proportional price increase of the price of gas (pg), for example, the positive growth rate of pg/px dominates the negative growth rate of c/x. On the other hand, negative bii suggests that the coefficient c/x changes faster than the relative price of pg/px. Given that our estimated coefficients are symmetric, the effect of higher prices of fuel i on j cost shares will be the same as that of higher j prices on i cost shares.
The result shows that for coal, its cost share will decrease with its increasing price in the non metal, wood and other industries, while it will increase with its increasing price in basic metal, fabricated metal, chemical, food and beverages, paper and textile industries. In the case of oil, its cost share will decrease with its increasing price in non-metal, fabricated metal, textile and other industries, while it will increase with its increasing price in basic metal, chemical, food and beverages, paper and wood industries.
Furthermore, for gas, the results indicate that its cost share will decrease with its increasing price in the basic metal, paper, wood and other industries, while it will increase with its increasing price in nonmetal, fabricated metal, chemical, food and beverages, and textile industries. Finally for electricity, its cost share will decrease with its increasing price in the food and beverages, chemicals and paper industries, while it will increase with its increasing price in non metal, basic metal, fabricated metal, others, wood and textile industries.
Pattern of fuel substitution
The elasticities of demand are calculated at the mean values of the cost shares using the parameter estimates in Table 3 . As expected, the elasticities vary across the industries represented in the model. The objective of this section is to show the responsiveness factors of fuel to prices (own prices and cross prices) shown by their various elasticities estimated from the model.
Cross price elasticity implies the responsiveness of the demand for any of the factors of production, or any of the fuel types with respect to a change in the price of another factor of production or another fuel type related in consumption. Cross price elasticity is used in this study to assess channels for interfuel substitution. Own price elasticities on the other hand, are expected to be negative because an increase in the price of a good is expected to reduce its consumption with all other factors remaining constant.
The result of cross price elasticity depends on the response of prices of products among one another. Two or more goods are substitutes if the value of their cross price elasticities is positive or greater than zero, while negative cross price elasticities suggest complementary relationship. On the other hand, for own price elasticities, if the estimated value is less than one, it means that the product is inelastic or unresponsive to its price change. A value greater than one shows the extent of responsiveness (elastic demand) of the change in price to demand, while a value of one indicates a unitary elasticity or elastic demand.
To measure the fuel substitution possibilities, we compute the estimated Allen partial elasticity of substitution (σij) (see Table 4 ) and (Eij) price elasticities of substitution (see Table 5 ). These elasticities are calculated under the assumption that total energy input of the production process is held constant (measured along a given isoquant). The price elasticities are computed using the refitted cost shares at the means. The partial elasticity result varies widely across the industrial sector as a whole. The own price elasticities all have a negative sign in all industries, which indicates that as the prices of oil, electricity, coal and gas increase their cost share in production decreases.
The results vary across the industries for different fuels. Oil and electricity are substitutes in all industries except in wood and other manufacturing industries, while oil and coal are substitutes in all industries sectors except in non-metal and fabricated metal industries. For oil and gas, they are substitutes in all industries except in textile industries. Coal and electricity are substitutes in all industries except in non-metal, basic metal, chemical, and food and beverages industries, while electricity and gas are complements in all industries except in basic metal, food and beverages, and textile industries. Coal and gas are complements in all industries except in food and beverages, and wood industries.
These variations in the response of these individual industries to the energy products price changes are explained by the fact that these industries operate on different technologies. The result establishes that oil and gas, and oil and coal are more of substitutes than complements in most industries. This implies that increasing the price of oil will increase the demand for gas and coal in most of the industries. Thus, it is evident that an increase in the price of oil will increase the demand of other fuels like gas, electricity and coal. Note: * = significant at 10% † = Significant at 20%
The pattern of the total elasticity in Table 5 is similar to the partial elasticity in Table 4 . Oil has the largest own price elasticities in non-metal, food and beverages, textile and wood industries, while gas has the largest share in basic metal and chemical industries. Electricity has the highest own price elasticities in paper and other industries, and coal has the highest own price elasticities in fabricated metal industries.
The result of the own price elasticity shows that the demand for oil is price elastic in non-metal, fabricated metal, food and beverages, paper, textile and wood industries. The inelastic demand for oil in basic metal, chemicals and other manufacturing industries can be explained to be caused by the fact that oil is non substitutable in these industries. The use of oil in these industries is limited. In fabricated metal, chemical, food and beverages, paper, wood and other industries, the demand for electricity is price elastic. The inelastic demand for electricity in basic metal, textile and non-metal industries, shows that the use of electricity in these industries in nonsubstitutable.
However, in the non-metals, fabricated metals, basic metal and other manufacturing industries, the demand for coal is price elastic. Although there are various grades and types of coal used in manufacturing, this study could not differentiate this. Coal is used as a raw material in some industries, and therefore, could be measured as non-energy use. In the fabricated metals, non-metals, basic metals, chemicals, paper, food and beverages and textile industries, the demand for gas is price elastic. The inelastic response for gas in wood and other industries is because the use of gas is not flexible in these industries.
The cross price elasticity result can be interpreted to indicate that, 1% increase in the price of oil relative to the price of other fuels will result in an increase in the demand for electricity in all industries except wood and other industries. This will also result in an increase in the demand for coal in all industries except non-metal and fabricated metal industries and increase in the demand for gas in all industries except textile industries.
For electricity, 1% increase in its price relative to the price of other fuels will lead to an increase in the demand for oil in all industries, except wood and other industries. In addition, this will lead to an increase in the demand for gas in all industries except non-metal, fabricated metal, chemicals, paper, wood and other industries and an increase in the demand for coal in all industries except non meal, basic metal, chemicals, food and beverages and other industries.
The outcome of a 1% increase in the price of gas relative to the price of other fuels will result in an increase in the demand for electricity in basic metal, food and beverages and textile industries. This effect will also lead to increase in the demand for oil in all industries except textile industries and increase in the demand for coal in food and beverages and wood industries.
These results suggest that increasing the price of oil to some extent will reduce the demand of other energy consumed in most of the industries. The implication of this is that price is the most effective policy instrument in achieving conservation of oil in the industries indicated. As the price of oil increases, there is tendency to substitute it with other energy products.
Furthermore, if a tax is placed on fuel, small tax changes will bring about decreases in consumption where the demand for energy is price elastic. It is suggested that a tax instrument should be used in dealing with policy objectives so that vulnerability caused by environmental problems of energy consumption (particularly oil) be reduced. It is expected that changes in energy price should lead to some fuel substitution. In terms of efficiency, it is expected that through substitution of one energy input by another, energy use efficiency should be achieved. Increasing the price of oil in the industries where the demand is very high will encourage a shift from oil to other energy products that are relatively cheaper. Tables 6 and 7 show the fuel model elasticity estimates for previous studies and own study respectively. As in the input model, the results differ widely across studies. Generally, our own price elasticities for oil and gas are lower than other study's estimates, while our estimate for electricity is higher than other estimates. Our estimate for coal is higher than most of the other studies. This disparity is expected since different industries in different countries generally have different fuel shares in consumption.
Our own price elasticity estimates in the textile industry are more elastic in oil and gas than those obtained in Magnus, while those of coal and electricity are more inelastic. In the paper industry, our own price elasticities are higher than the Magnus findings except in coal where own estimate is lower, while in Roy's studies the estimates are generally lower except in oil where our estimate is higher than their findings.
There is generally substitution relationship between all the fuel types in total industry estimates. However, the relationship is complementary between gas and coal in Griffin (1976) , and between gas and oil in Pindyck (1979) . In our study, the relationship varies across the industries, all the industries show a substitution relationship except between gas and electricity, coal and electricity, and gas and coal where they are complements.
Gas and electricity, and gas and oil are general- ly substitutes in Magnus, these agree with our study in the textile and food industries even though the degree of substitutability differs (our estimates are higher). Moreover, electricity and coal (except in chemic al industry), oil and electricity (except in chemical industry), are substitutes and our study shows the same relationship. The relationship between coal and oil in our study is contrary to the Magnus and Woodland (1987) , and Roy et al (2000) findings in Table 6 . While they find the relationship between coal and oil in the five industries identified to be complementary, we find them to be substitutes in the same industries.
Conclusion and policy implications
The basic goal of the Kyoto Protocol is the stabilization of atmospheric concentration of GHGs at a level that will prevent dangerous anthropogenic interference with the atmosphere. As such, the basic consideration in our choice of study methodology is the identification of the major source and means of mitigating carbon dioxide, which is one of the most important GHG gases emitted within the Nigeria economy.
The major source of carbon dioxide (which is one of the GHG gases) emission is the country's energy system. It is therefore, concluded that a comprehensive quantitative analysis of the demand for energy in the industrial sector of the Nigerian economy, and its interaction with optimal supply of such energy forms to meet this demand, would help us to identify the options available for the reduction of GHG emissions.
The country's major source of energy is petroleum (oil), which is readily available and cheaper compared to many other countries especially in Africa. Since petroleum is high in carbon content, its consumption is directly related to the amount of carbon dioxide emitted. We therefore, use this study to establish the relationships between petroleum and other commercial energy sources so as to be able to come up with a strategy of reducing petroleum consumption.
The substitution possibilities between fuels (electricity, oil, coal and gas) and factor inputs in response to changes in the relative prices of these fuels and inputs, are estimated using data for nine industries of the Nigerian manufacturing sector over the period 1970 -2001 . The use of disaggregated data allows specification of a different fuel cost function for each industry in the manufacturing sector. Disaggregation of the analysis to industrial level allows for variation across industries in the characteristics of demand for each type of energy.
The results indicate that at the sectoral level, the demands for fuels vary according to the type of industry with respect to their own prices. For example, the response to oil price change is elastic in all the industries except basic metal, chemicals and other industries. The demand for electricity is elastic in all industries except non-metal, basic metal and textile industries. In non-metal, fabricated metal, basic metal and others, the demand for coal is elastic, while the demand for gas is elastic in all industries except food and beverages, wood and other industries.
The cross elasticities also vary across the various industries. Oil and electricity are substitutes in all the industries except in wood and other manufacturing industries. Electricity and coal are complements in all the industries except fabricated metals, paper, textile, and wood industries. Gas and electricity are complements in all industries except in basic metal, food and beverages and textile industries. Oil and coal are substitutes in all industries except in nonmetal and fabricated metal industries. Oil and gas are substitutes in all industries except in textile industry. The result further shows that labour and capital are substitutes except in food and beverages and wood industries. Labour and energy are substitutes except in basic metals fabricated metal, paper and other industries. Finally, energy and capital are substitutes in all industries.
Furthermore, oil, electricity, and coal have energy using bias in the industrial sector i.e. with constant relative fuel prices, the value these fuels increase over time. There appears to be oil, coal and electricity using bias in the industrial sector, while there is gas saving bias. The nature of energy trend in Nigeria shows clearly that oil still dominates the Nigerian energy mix, which has implications in terms of CO2 emission since that the use of oil contributes to emission of CO2 .
Thus, it can be concluded from the results that there exist substitution relationships between oil and electricity, coal and gas in most of the industries. It is particularly interesting that oil and gas are substitutes in almost all the industries. Hence, price strategy will be an effective tool in reducing the demand for oil and thus help to conserve oil consumption in the industrial sector of Nigeria. The price incentive can increase the demand for gas, which is a cleaner energy product. This increase in demand of gas will definitely be an incentive for the oil producing companies to increase their production of gas and even harvest the gas flared to be able to meet the demand. In this process, two objectives will be achieved, emissions from gas flaring can be reduced and a cleaner energy mix will be possible. Thus, increasing the price of oil can be an incentive for exploring a cleaner energy environment in Nigeria.
It is evident form this study that price based policies would be effective to some extent in allowing for substitution away from energy (input) products whose use in production is intensive. A gradual adjustment of the prices of various energy products (like oil whose carbon contents is proven to be high) to least reflect their production costs could help in energy conservation. When prices are allowed to signal the real cost of the input, producers would not only become efficient in energy use, but would also be able to select appropriate input combinations to minimize their costs of production. Moreover, allowance for forgone opportunities of future utilization due to present consumption and putting in place various instruments to remove subsidies on petroleum products will also help in solving this problem.
This study clearly shows that different industries have different energy characteristics, and thus, respond differently to various adjustments in the pricing strategy. Therefore, it would be important if the policymakers in the Nigerian energy sector consider a different pricing system to different industries depending on their energy intensity. This can also apply to other sectors of the Nigerian economy. Particular attention should be given to the energy intensive industries since they are less responsive to changes in the prices of fuel.
The elasticities estimated can be used to determine the amount of tax needed to meet the reduction in oil consumption, and hence, meet the energy demand management objective. However, the low responses in some industries could be an indication that mere price based policies to encourage energy conservation might not be optimal. An alternative policy is a change of technology specific policies directed towards investment into improvement in technical efficiency and acquisition of specific improved technologies. These could provide capital accumulation and additional incentives towards the reduction of oil, and hence, be able to achieve the objective of energy conservation.
Furthermore, to ensure more diversified utilization of energy by industries, the government must promote the utilization of the country's abundant natural gas by local industry. Presently, about 80% of the total gas produced in Nigeria is flared. Thus, with appropriate enabling conditions, industries could substitute the cheaper and cleaner energy products like gas for other commercial products currently in use.
There is need for the Federal Government of Nigeria to develop other commercial energy products such as coal and especially solar and wind, which are in abundance and cleaner to divert total dependence on petroleum. Although there is need to contend with the negative environmental effect of coal, it could play an important role in some industries like the cement and steel industries.
Finally, since Nigeria plays a significant role in energy production and supply, not only in Africa, but also in the world, proper energy policy will play a significant role in energy production, supply and usage in its economy.
Appendix A

Capital stock
Following the Roy (2000) definition, associated capital services are assumed to be proportional to capital stock. Capital stock is measured as the net capital stock of building, construction and machinery at constant prices. Thus, the net capital stock is computed with the help of a perpetual inventory method.
In discrete time series data, the perpetual inventory method is represented as follows: Kst = Ist + (1-δ) Kst t-1 Where Kst = capital stock at the end of period t Ist = quantity of investment occurring in the period t in sector s ∂ = rate of depreciation of capital
The price of capital is calculated based on a user cost of capita definition as follows:
Pks = qks (r+ δ)
Where qks = investment good deflator r = real rate of interest
We have data for the cost of capital (Pk*Kt) and the stock of capital. Then a proxy for the capital price index is calculated by dividing the cost of capital by its corresponding stock.
Conventionally the price of capital should be represented as a function of depreciation and interest rate, but in this study, the social rate of discount is used. This is following after the Shankar and Pachauri (1983) argument that long-term interest rates do not reflect the cost of capita in developing countries. Instead, the social discount rate, which reflects the yield from public sector at the margin, can be used (Joyashree et al, 2000) . In this study, a social rate of return of 17% as used by Adenikinju (1998) is adopted for this study.
